Individual variability in preference for energy-dense foods fails to predict child BMI percentile by Potter, Christina et al.
                          Potter, C., Griggs, R. L., Ferriday, D., Rogers, P. J., & Brunstrom, J. M.
(2017). Individual variability in preference for energy-dense foods fails to
predict child BMI percentile. Physiology and Behavior. DOI:
10.1016/j.physbeh.2017.03.047
Version created as part of publication process; publisher's layout; not normally made publicly available
License (if available):
CC BY
Link to published version (if available):
10.1016/j.physbeh.2017.03.047
Link to publication record in Explore Bristol Research
PDF-document
This is the final published version of the article (version of record). It first appeared online via Elsevier at
http://www.sciencedirect.com/science/article/pii/S0031938416310964. Please refer to any applicable terms of
use of the publisher.
University of Bristol - Explore Bristol Research
General rights
This document is made available in accordance with publisher policies. Please cite only the published
version using the reference above. Full terms of use are available:
http://www.bristol.ac.uk/pure/about/ebr-terms.html
Contents lists available at ScienceDirect
Physiology & Behavior
journal homepage: www.elsevier.com/locate/physbeh
Individual variability in preference for energy-dense foods fails to predict
child BMI percentile
Christina Potter⁎,1, Rebecca L. Griggs1, Danielle Ferriday, Peter J. Rogers, Jeﬀrey M. Brunstrom
Nutrition and Behaviour Unit, School of Experimental Psychology, University of Bristol, 12a Priory Road, Bristol, BS8 1TU, UK







A B S T R A C T
Many studies show that higher dietary energy density is associated with greater body weight. Here we explored
two propositions: i) that child BMI percentile is associated with individual diﬀerences in children's relative
preference for energy-dense foods, ii) that child BMI percentile is associated with the same individual diﬀerences
between their parents. Child-parent dyads were recruited from a local interactive science center in Bristol (UK).
Using computerized tasks, participants ranked their preference and rated their liking for a range of snack foods
that varied in energy density. Children (aged 3–14 years, N= 110) and parents completed the tasks for
themselves. Parents also completed two further tasks in which they ranked the foods in the order that they would
prioritize for their child, and again, in the order that they thought their child would choose. Children preferred (t
(109) = 3.91, p < 0.001) and better liked the taste of (t(109) = 3.28, p= 0.001) higher energy-dense foods,
and parents correctly estimated this outcome (t(109) = 7.18, p < 0.001). Conversely, lower energy-dense foods
were preferred (t(109) =−4.63, p < 0.001), better liked (t(109) =−2.75, p= 0.007) and served (t(109)
=−15.06, p < 0.001) by parents. However, we found no evidence that child BMI percentile was associated
with child or parent preference for, or liking of, energy-dense foods. Therefore, we suggest that the observed
relationship between dietary energy density and body weight is not explained by individual diﬀerences in
preference for energy density.
1. Introduction
The modern Western diet is often characterized by the widespread
availability of highly palatable and energy-dense foods. Calorie for
calorie, energy-dense foods are expected to deliver relatively less satiety
[1] and may be selected in larger portions (in total calories) for this
reason [2]. Larger portions also promote an increase in meal size [3]
and the combined eﬀect of portion size and energy density can have a
dramatic impact on energy intake, both in adults [4,5] and in children
[6]. In addition, energy-dense foods tend to be less expensive, which
promotes their selection [7].
Many studies show that the consumption of energy rich foods is
associated with higher body weight (for a review see [8]). This
relationship has been demonstrated across ethnic groups [9] and in
both children [10] and adults [11]. In children this is a particular
concern because eating habits are established early in life [12,13] and
childhood obesity greatly increases the risk of being overweight in
adulthood [14]. Evidence from longitudinal studies shows that dietary
energy density is a risk factor for greater adiposity in childhood [15]
and that this relationship is preserved into adolescence [16].
The relationship between dietary energy density and adiposity
might reﬂect variation in the availability of these foods [17] or perhaps
personal beliefs about the need to restrict their consumption [18]. In
this study, we consider an additional proposition that childhood
adiposity is associated with individual diﬀerences in relative preference
for energy dense foods. Children are born with an innate liking for
sweetness [19]. However, they also learn to prefer energy-dense foods
based on an association that forms between the post-ingestive eﬀects of
a food and its sensory characteristics [20–23]. Social learning and peer
modelling also play a critical role in further modifying preferences [24].
By the age of ﬁve, children already show a very clear relative
preference for fruits and vegetables that are high in energy density
[25]. One possibility is that some children express a reﬁned ability to
discriminate between foods based on their energy density, and select
foods on this basis. However, before transitioning into adulthood, a
child's diet is often determined by caregivers [26]. Parents were
children once and may themselves diﬀer in the extent to which their
choices are governed by a learned preference for energy-dense foods.
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Therefore, a second proposition is that childhood adiposity is associated
with this individual parental diﬀerence.
To evaluate these hypotheses we developed a novel food-choice task
that involved ranking various snack foods by preference. The task was
completed separately by children and their parents in response to
several lunchtime scenarios. To complement these measures, children
and parents also rated their liking for each food. We were interested to
assess individual diﬀerences in preference for and liking of energy-
dense foods. The aim of the study was to explore whether these
diﬀerences are associated with child BMI percentile. In turn, this might
help to explain the observed relationship between dietary energy
density and child BMI percentile.
2. Method
2.1. Participants
An opportunity sample of child-parent dyads (N= 130) were
recruited from a local interactive science center in Bristol (UK). All
children were English-speaking and aged between 3 and 14 years.
Children with food allergies or intolerances were excluded, together
with vegetarians and vegans. The study protocol was approved through
the local Faculty of Science Human Research Ethics Committee.
Financial compensation was not provided.
2.2. Photographic stimuli
Our photographic stimuli comprised nine snack foods of varying
energy density. After consulting a dietician, we selected foods that are
likely to be well-known and well-liked by children and parents in the
UK. The snack foods were: 1) apple, 2) dried apricots, 3) banana, 4)
cheese, 5) chocolate chip cookies, 6) grapes, 7) chocolate wafer bar, 8)
potato chips, and 9) yogurt. Each food was photographed in its standard
serving size and with packaging (if applicable). All pictures were taken
using a high-resolution digital camera. Particular care was taken to
ensure identical lighting in each photograph. The name of the food was
included in the top left-hand corner of each image. See Table 1 for the
macronutrient composition of each food.
2.3. Measures
2.3.1. Energy density preference
The nine snack-food images were displayed on a laptop in a 3 × 3
grid and the position of each food was randomized across participants.
To complete the task, participants used the computer mouse to click on
each food image in turn. After selecting a food it disappeared from the
grid. Participants began by clicking the most preferred snack and then
repeated this process until no snack foods remained. We calculated an
energy density preference (EDP) score using a linear model and
regressed the energy density (kcal/g) of the foods onto their respective
rank order (1 = least preferred, 9 = most preferred). The EDP score is
provided by the slope (β coeﬃcient) that relates energy density to rank
order. Positive EDP scores indicate that foods with high energy density
were preferred. Negative EDP scores indicate the converse.
We obtained four separate EDP scores from each child-parent dyad;
one from each child and three from each parent. Children were asked
“Which food would you choose for your lunchbox?” (EDPchild). Since
children tend to select fewer unhealthy foods if they are aware or
suspicious that they are being monitored by their parents [27], they
were instructed to make their own selections without considering the
wishes of their parents. Parents completed the ranking task in response
to the following questions: “Which food would you choose for your
lunchbox?” (EDPparent), “Which food would you serve in your child's
lunchbox?” (EDPserve), and “Which food would your child choose for
their lunchbox?” (EDPestimate). In the latter scenario, parents were told
to imagine that their child had free selection of the foods without
parental interference.
2.3.2. Energy density liking
To determine how well-liked the snack foods were, images of the nine
foods were presented in succession on the computer screen in standard
single-serving portions. Participants were shown a computerized 100-
mm visual-analogue scale titled “How much do you LIKE the taste of this
food?” with anchor points “I hate it” to “I love it”. Visual-analogue scales
have previously been used with children successfully, provided they
Table 1
Macronutrient composition and liking of snack foods. For all liking ratings, N= 110.




















Apple 0.4 11.8 0.1 1.8 – 0.47 154 72.4 69.3 ± 26.8 73.5 ± 22.1
Apricots, dried 3.9 36 0.6 6.3 – 1.78 75 133.5 52.1 ± 35.9 58.7 ± 31.4
Banana 1.2 23 < 0.5 1.1 < 0.5 1.03 118 121.5 60.1 ± 33.7 75.3 ± 22.8
Cheese (Cheestring©) 23 2.5 22.5 – 1.9 3.04 20 60.8 53.6 ± 36.4 20.7 ± 21.7
Chocolate chip cookies 5.4 63.8 22.6 3.5 0.5 4.87 28 136.4 85.0 ± 20.3 64.2 ± 22.5
Grapes < 0.5 15 < 0.5 0.7 < 0.5 0.66 65 42.9 77.3 ± 24.6 81.6 ± 15.4
Chocolate wafer bar (KitKat®) 5.9 63.3 25.7 2.1 0.14 5.13 45 230.9 79.9 ± 24.2 68.3 ± 22.2
Potato chips (Hula hoops®) 3.3 63 26.4 2.2 1.8 5.07 24 121.7 76.4 ± 24.5 61.6 ± 21.2
Yogurt (Frube®) 4.9 13.4 2.8 < 0.1 0.13 1.02 40 40.8 66.5 ± 29.5 44.5 ± 25.8
Table 2
Participant characteristics (N= 110). Values for age, BMI and BMI percentile are means
and standard deviations. Values for gender are frequencies.
Children Parents
Age (years) 8.4 ± 2.7,
Range: 3–14
–
BMI (percentile) 59.2 ± 25.6,
Range: 4–98
–
BMI (kg/m2) – 26.3 ± 4.5,
Range: 17.7–43.2
Gender (% female) 51.8 59.1
Table 3
Mean EDP and EDL scores (N= 110, df= 109) together with associated summary
statistics evaluating deviation from zero.
Mean SD t 95% CI p
EDPchild 0.12 0.33 3.91 (0.06, 0.18) < 0.001
EDPparent −0.12 0.28 −4.63 (−0.18, −0.07) < 0.001
EDPserve −0.36 0.25 −15.06 (−0.41, −0.32) < 0.001
EDPestimate 0.21 0.3 7.18 (0.15, 0.26) < 0.001
EDLchild 0.01 0.04 3.28 (0.00, 0.02) 0.001
EDLparent −0.01 0.03 −2.75 (−0.01,−0.00) 0.007
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include age-appropriate modiﬁcations. For example, children as young as
ﬁve were able to rate their emotions (e.g., anxiety, sadness, anger, worry)
using 100 mm visual-analogue scales anchored with happy and sad faces
[28]. Here, we used child-friendly anchor points (I hate it–I love it)
instead of those typically used for adults (Not at all–Extremely). To
ensure clarity for the children, the researcher also pointed to each end of
the scale and read the corresponding anchor point aloud, then pointed at
the scale itself and asked “or somewhere in between?”. Participants rated
their liking of each food by using the computer mouse to click on the
scale. The order of presentation of the snack food pictures was
randomized across participants. Both children and parents rated their
own liking of the nine snack foods. To quantify liking for energy-dense
foods (EDL), we conducted linear regressions based on the liking ratings
(0 = hated, 100 = loved) and the energy density of each food (kcal/g).
The resulting β coeﬃcients from the linear regressions were the EDL
scores for children (EDLchild) and parents (EDLparent), respectively.
Positive EDL scores indicate that foods with high energy density are
liked better. Negative EDL scores indicate the converse.
2.3.3. Familiarity
To assess familiarity with the snack foods, each food image (single-
serving portions) was presented on the laptop screen in a randomized
order. For each food image, all parents and children were asked “Have
you ever eaten this food before?” with possible response options “Yes”
or “No.”
2.4. Procedure
Parents read an information sheet before providing written consent
for themselves and their child to take part. Participants were tested in a
private area within the science center. Parents and children completed
all computerized measures on separate laptops at opposite ends of a
table and were encouraged to not speak to one another during the
testing session. We were conﬁdent that the children would be able to
use our tasks without assistance as this is consistent with previous
observations that four-year olds are able to make self-assessments using
computerized images [29]. Nonetheless, all instructions, including
names of foods where necessary, were read aloud to each child.
Children completed measures in the following order; i) EDPchild, ii)
EDLchild, and iii) familiarity. Parents completed their measures in the
following order; i) EDPserve, ii) EDPestimate, iii) EDPparent, iv) EDLparent,
and v) familiarity. Children's and parents' height was then measured to
the nearest millimeter using a portable stadiometer. A single measure-
ment of weight was taken to the nearest 0.1 kg using a Tanita TBF-531
digital scale. Participants were asked to remove shoes and bulky
clothing for these anthropometric measurements. Parents also reported
their child's date of birth. To account for age and sex diﬀerences, child
BMI percentiles were computed using a BMI percentile calculator for
children and teens, provided by the Center for Disease Control and
Prevention [30]. Parent BMI was calculated as kg/m2. Finally, parents
were given a debrieﬁng sheet which explained the broad aims of the
research and participants were thanked for their assistance. Each
session lasted approximately ﬁfteen minutes.
2.5. Data analysis
Several participants (children n= 13, parents n= 3) were unfami-
liar with three or more of the snack foods and were excluded on this
basis. Some participants did not provide data for all tasks (children
n= 2, parents n= 1) and were also removed. Finally, we excluded
data from one child who had an EDLchild score that was more than ﬁve
standard deviations away from the mean, leaving 110 child-parent
Table 4
Pearson's correlations (r) to assess relationships between variables. Associated p values are presented in brackets (N= 110).
Parent BMI EDPchild EDLchild EDPparent EDLparent EDPserve EDPestimate
Child BMI percentile 0.368 (< 0.001) −0.088 (0.361) −0.083 (0.391) −0.088 (0.363) 0.030 (0.756) 0.064 (0.510) 0.002 (0.981)
Parent BMI – −0.054 (0.573) 0.069 (0.472) −0.150 (0.118) −0.199 (0.037) −0.087 (0.366) −0.102 (0.288)
EDPchild – – 0.473 (< 0.001) 0.132 (0.169) 0.054 (0.573) 0.120 (0.211) 0.205 (0.031)
EDLchild – – – 0.058 (0.548) −0.032 (0.742) 0.117 (0.224) 0.104 (0.277)
EDPparent – – – – 0.551 (< 0.001) 0.125 (0.193) 0.264 (0.005)
EDLparent – – – – – 0.063 (0.515) 0.093 (0.333)
EDPserve – – – – – – 0.257 (0.007)
Table 5
Linear regressions predicting child BMI percentile.
Mean (SD) B β 95% CI Model ﬁt
a. Model 1 - EDPchild, EDLchild





EDLchild 0.01 (0.04) −1.78 0.00 (−156.73, 153.18)
b. Model 2 - EDPparent, EDLparent, EDPserve, EDPestimate
EDPparent −0.12 (0.28) −11.57 −0.13 (−32.88, 9.74) R2 = 0.071,




EDLparent −0.01 (0.03) 37.03 0.41 (−165.82, 239.88)
EDPserve −0.36 (0.25) −24.48 −0.24 (−43.97, −4.99)
EDPestimate 0.21 (0.30) 3.91 0.05 (−12.97, 20.79)
c. Model 3 - EDPchild, EDLchild, EDPparent, EDLparent, EDPserve, EDPestimate, Parent BMI
EDPchild 0.12 (0.33) 4.88 0.06 (−11.03, 20.78) R2 = 0.206,




EDLchild 0.01 (0.04) −17.73 −0.03 (−160.76, 125.30)
EDPparent −0.12 (0.28) −10.82 −0.12 (−30.89, 9.25)
EDLparent −0.01 (0.03) 94.56 0.10 (−98.19, 287.30)
EDPserve −0.36 (0.25) −22.54 −0.22 (−40.95, −4.13)
EDPestimate 0.21 (0.30) 5.20 0.06 (−10.87, 21.27)
Parent BMI 26.35 (4.48) 2.15 0.38 (1.12, 3.19)
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dyads in the ﬁnal data set.
To evaluate evidence for discrimination between foods based on
energy density, we conducted separate 1-sample t-tests to determine
whether the EDP scores (child, parent, serve, estimate) and EDL scores
(child, parent) deviate signiﬁcantly from zero. In the ﬁrst instance we
calculated bivariate correlations between child BMI percentile and the
following variables: EDLchild, EDPchild, EDLparent, EDPparent, EDPserve,
EDPestimate and parental BMI. To consider their combined role as
predictors of child BMI percentile we then assessed three separate
models using simultaneous linear regression. Respectively, the ﬁrst and
second of these assessed the measures from children (EDLchild, EDPchild)
and from parents (EDLparent, EDPparent, EDPserve, and EDPestimate). In the
ﬁnal model we entered all variables together with parental BMI.
Diﬀerences were considered signiﬁcant at p < 0.05 and all results
are reported as means ± SD. All analyses were conducted using SPSS
version 23.0.0.2 (SPSS Inc., Chicago, IL, USA.).
3. Results
Our ﬁnal sample (N= 110) was well-balanced for gender across the
child-parent dyads and included female-female (n= 34), female-male
(n= 23), male-male (n= 22), and male-female (n= 31) pairs respec-
tively. Further participant characteristics can be found in Table 2. In
addition, all snack foods were generally familiar and were reasonably
liked, both by children and parents (see Table 1).
EDPchild and EDLchild scores tended to be positive and deviated
signiﬁcantly from zero, suggesting that children preferred and liked
higher energy-dense foods. Signiﬁcant and positive EDPestimate scores
indicated that parents correctly estimated this outcome. All other scores
from parents (EDPparent, EDLparent, and EDPserve) tended to be negative
and also deviated signiﬁcantly from zero, suggesting that lower energy-
dense foods are preferred, liked, and served by parents (see Table 3).
Bivariate correlations (see Table 4) showed no signiﬁcant relation-
ship between child BMI percentile and any of the EDP or EDL scores. As
expected, parental BMI and child BMI percentile were highly correlated
(r= 0.37, p < 0.001).
The variables included in the ﬁrst and second linear regression
models (Table 5a and b) failed to explain a signiﬁcant proportion of
variance in child BMI percentile. To address the possibility that
performance on the tasks varied as a function of age, post hoc we added
interaction terms for children's EDP and EDL scores adjusted for child
age to the ﬁrst regression model. We calculated the interaction terms by
multiplying the standardized values (z-scores) of both EDPchild and
EDLchild by child age (in years). All signiﬁcant and non-signiﬁcant
eﬀects remained unchanged (results not shown). The average EDP and
EDL scores for children are reported in Table 6, partitioned by child
age.
The ﬁnal linear regression (see Table 5c) produced a signiﬁcant
model and accounted for 20.6% of the variance in child BMI percentile.
However, this was largely explained by variation in parent's own BMI.
In this ﬁnal model, EDPserve was a signiﬁcant predictor (p= 0.017), but
in a counterintuitive direction – parents with lean children had a
greater tendency to prioritize higher energy-dense foods when selecting
foods to serve to their child. In combination, these observations provide
no clear evidence that child BMI percentile is associated with child or
parent preference for energy-dense foods.
4. Discussion
In this study, we considered two speciﬁc propositions that might
explain the relationship between dietary energy density and child BMI
percentile. First, we explored whether child BMI percentile is associated
with individual diﬀerences in children's relative preference for energy
dense foods. Higher energy-dense foods tended to be selected and better
liked by children, however, individual variation in these preferences
was not associated with their BMI percentile. Second, we examined
whether the same individual diﬀerences in parents were associated
with their child's BMI percentile. Overall, there was little evidence of
this relationship and, as in previous studies [31,32], parent BMI was the
main predictor of child BMI percentile. Based on evidence suggesting a
positive association between dietary energy density and adiposity in
children [8], we anticipated that parents with a tendency to serve
energy-rich foods might have children with higher BMI. Our data
indicate the converse - a negative association. We see two potential
reasons why this might be the case. First, the relationship reﬂects
inaccurate reporting resulting from a ‘desirability bias’ [33]. Second,
the relationship accurately reﬂects parental choices, which are gov-
erned by a concern to reduce their child's BMI by serving lower energy-
dense foods. In other words, the EDPserve task reﬂects feeding behavior
that is responsive to children's current weight rather than capturing
behaviors that promoted initial weight gain. To distinguish between
these accounts, measures are needed of the foods that are actually
served to children and on a longitudinal basis.
Although our data provide little evidence that variation in relative
preference for energy dense foods is associated with child BMI
percentile, previous evidence has shown that taste preferences may
diﬀer by weight status in both children and adults. For example,
overweight and obese children appear to show a greater preference
for the taste of fat and sweetness [34]. Similarly, children with
overweight parents have been shown to prefer high-fat foods [35].
Since fats and sugars are key contributors to the energy density of
foods, increased preference for their taste may promote their consump-
tion. However, we are unaware of any previous assessment of our
speciﬁc hypothesis, that relative preference for energy density is
associated with BMI.
Our data should not be taken to dispute the epidemiological
evidence that dietary energy density is associated with childhood
BMI. Rather, they indicate that factors other than relative preference
for energy density are likely to explain this relationship. Before children
gain full dietary autonomy, parents have control over much of their
child's diet. Therefore, availability is likely to be a key determinant of
the consumption of energy rich foods and individual parents are likely
to vary in the extent to which they make these foods accessible to their
children. For example, energy-dense foods are less expensive, which
encourages their consumption in low-income households [36] where
the cost of purchasing healthier, low energy-dense options is a barrier
[37,38]. Conversely, children may have reduced access to high-energy-
dense foods based on parents' tendency to restrict their consumption.
Parental inﬂuence on child eating behavior, including the restriction of
speciﬁc foods, has been studied extensively [39]. Restriction might be
associated with parents' own diﬃculty in controlling food intake,
perceptions about their child's ability to self-regulate, and concerns
about their child's risk of developing problematic eating behavior [40].
The decision to limit energy-dense food consumption may also be based
on parents' perceptions about their child's weight [41,42].
Table 6
Average EDP and EDL scores partitioned by child age (years). Values are displayed as
means and standard deviations (N= 110).
Child age (years) n EDPchild EDLchild
3 1 0.23 (−) 0.024 (−)
4 4 0.15 (0.06) 0.013 (0.019)
5 13 0.21 (0.32) 0.014 (0.032)
6 15 0.13 (0.33) 0.008 (0.023)
7 14 0.22 (0.38) 0.014 (0.029)
8 7 0.01 (0.45) 0.003 (0.034)
9 12 0.10 (0.33) 0.021 (0.060)
10 17 0.05 (0.31) 0.020 (0.026)
11 10 0.13 (0.30) 0.006 (0.050)
12 11 0.04 (0.35) 0.002 (0.035)
13 4 0.12 (0.36) −0.011 (0.055)
14 2 0.30 (0.07) 0.011 (0.011)
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Our study considers the eﬀect of energy density on food choice in
isolation. However, we note that choice is governed by an interaction
between energy density and portion size [4,5]. Therefore, future studies
might incorporate an assessment of the portions of snack foods that are
selected. Further, there is an interplay between palatability and
expected satiety when selecting foods that vary in portion size [43].
Understanding the inﬂuence of expected satiety in the context of our
lunchbox task could be valuable. A potential limitation to the current
task is that we did not capture participants' motivation behind their
selections. Future research could extend the range of parental measures
to examine whether choices are motivated by beliefs about the
healthiness and appropriateness of snack foods that vary in energy
density.
Our task assessed only the behavioral tendency to select energy-
dense foods. As such, evidence that energy-dense foods were preferred
should not be taken to imply that participants applied a conceptual
understanding of energy density and/or nutrient composition. It is well
established that humans rely on range of cues (e.g., learned ﬂavor-
nutrient associations) to diﬀerentiate foods based on their energy
density and macronutrient composition [44]. Indeed, rodents and other
omnivores use the same cues and do so in the absence of explicit
nutritional information (e.g., labelling). Regardless of participants'
explicit understanding of energy density, concerns about whether the
task is sensitive enough to detect a preference for energy density are
allayed by the observed and predicted positive relationships between
choice and energy density, both in EDPchild and EDPestimate measures.
We note that there are several other limitations to the current study
which could be addressed by further research. In particular, the task
could be applied to a broader range of scenarios beyond those currently
included. We selected a lunchbox scenario because it was likely to be
familiar to most children within the selected age range. However, we
acknowledge that the foods typically consumed by children within this
age range could vary widely and some children may have little
experience with packed lunches. Also, we note that there may be
conceptual limitations around the lunchbox scenario (e.g. school rules
surrounding permissible lunchbox foods) that may have impacted
responses on this task. Further, the foods in the current study were
selected because they are convenient (i.e. portable, inexpensive) lunch-
box foods. However, the task could be extended by using a broader
range of snack foods and main meals that are appropriate for both
children and adults, and also by indexing their prior exposure to these
foods. Future studies that employ our task with child-parent dyads
should ensure that the parent participant is also the primary meal
provider. Here, although we asked parents their primary caregiver
status, we do not know whether they were also the primary provider of
meals to their child. This could impact parents' performance in
estimating their children's preferences and ability to report what they
would typically serve to their child. Despite these limitations, the key
strength of our novel computer-based task is its simplicity and even
young children found it easy to complete with minimal assistance. This
enabled us to make a direct comparison between EDP and EDL scores
across children and their parents. We hope that by demonstrating the
successful implementation of our paradigm others might consider its
application in related studies.
Conﬂict of interest
The authors report no conﬂict of interest related to this study.
Acknowledgements
CP, RLG, DNF, PJR and JMB conceived the experiment. CP carried
out the experiment. CP, RLG and JMB analyzed data. CP and RLG
generated the tables. CP, RLG and JMB wrote the paper and all authors
gave ﬁnal approval of the submitted and published versions. This
research was part supported by a ‘stand-alone’ LINK grant from the
Biotechnology and Biological Sciences Research Council (reference: BB/
J005622/1) awarded to JMB. The Nutrition and Behaviour Unit
(University of Bristol) also receives support from the European Union
Seventh Framework Programme (FP7/2007-2013) under Grant
Agreement 607310 (Nudge-it). The funders imposed no restrictions
on the design, implementation, analysis, or interpretation of the data.
This research was also supported by John Polatch from the At-Bristol
Science Center. Thank you to Natalie Evans, Jennifer Ferrar, Charlotte
Buckley, Lotta Peussa, and Agnieszka Ciborowska for their assistance
with data collection at the science center.
References
[1] J.M. Brunstrom, N.G. Shakeshaft, N.E. Scott-Samuel, Measuring ‘expected satiety’ in
a range of common foods using a method of constant stimuli, Appetite 51 (2008)
604–614, http://dx.doi.org/10.1016/j.appet.2008.04.017.
[2] J.M. Brunstrom, P.J. Rogers, How Many calories are on our plate? Expected
fullness, not liking, determines meal-size selection, Obesity 17 (2009) 1884–1890,
http://dx.doi.org/10.1038/oby.2009.201.
[3] N. Diliberti, P.L. Bordi, M.T. Conklin, L.S. Roe, B.J. Rolls, Increased portion size
leads to increased energy intake in a restaurant meal, Obes. Res. 12 (2004)
562–568, http://dx.doi.org/10.1038/oby.2004.64.
[4] T.V. Kral, B.J. Rolls, Energy density and portion size: their independent and
combined eﬀects on energy intake, Physiol. Behav. 82 (2004) 131–138, http://dx.
doi.org/10.1016/j.physbeh.2004.04.063.
[5] T.V. Kral, L.S. Roe, B.J. Rolls, Combined eﬀects of energy density and portion size
on energy intake in women, Am. J. Clin. Nutr. 79 (2004) 962–968.
[6] S.M. Kling, L.S. Roe, K.L. Keller, B.J. Rolls, Double trouble: portion size and energy
density combine to increase preschool children's lunch intake, Physiol. Behav. 162
(2016) 18–26, http://dx.doi.org/10.1016/j.physbeh.2016.02.019.
[7] A. Drewnowski, S. Specter, Poverty and obesity: the role of energy density and
energy costs, Am. J. Clin. Nutr. 79 (2004) 6–16.
[8] R. Perez-Escamilla, J.E. Obbagy, J.M. Altman, E.V. Essery, M.M. McGrane,
Y.P. Wong, et al., Dietary energy density and body weight in adults and children: a
systematic review, J. Acad. Nutr. Diet. 112 (2012) 671–684, http://dx.doi.org/10.
1016/j.jand.2012.01.020.
[9] N.C. Howarth, S.P. Murphy, L.R. Wilkens, J.H. Hankin, L.N. Kolonel, Dietary energy
density is associated with overweight status among 5 ethnic groups in the
multiethnic cohort study, J. Nutr. 136 (2006) 2243–2248.
[10] J.A. Vernarelli, D.C. Mitchell, T.J. Hartman, B.J. Rolls, Dietary energy density is
associated with body weight status and vegetable intake in U.S. children, J. Nutr.
141 (2011) 2204–2210, http://dx.doi.org/10.3945/jn.111.146092.
[11] J.H. Ledikwe, H.M. Blanck, L. Kettel Khan, M.K. Serdula, J.D. Seymour, B.C. Tohill,
et al., Dietary energy density is associated with energy intake and weight status in
US adults, Am. J. Clin. Nutr. 83 (2006) 1362–1368.
[12] L.L. Birch, J.O. Fisher, Development of eating behaviors among children and
adolescents, Pediatrics 101 (1998) 539–549.
[13] L. Birch, J.S. Savage, A. Ventura, Inﬂuences on the development of children's eating
behaviours: from infancy to adolescence, Can. J. Diet. Pract. Res. 68 (2007) s1.
[14] A.S. Singh, C. Mulder, J.W. Twisk, W. Van Mechelen, M.J. Chinapaw, Tracking of
childhood overweight into adulthood: a systematic review of the literature, Obes.
Rev. 9 (2008) 474–488, http://dx.doi.org/10.1111/j.1467-789X.2008.00475.x.
[15] L. Johnson, A.P. Mander, L.R. Jones, P.M. Emmett, S.A. Jebb, A prospective analysis
of dietary energy density at age 5 and 7 years and fatness at 9 years among UK
children, Int. J. Obes. 32 (2008) 586–593, http://dx.doi.org/10.1038/sj.ijo.
0803746.
[16] G. Ambrosini, P. Emmett, K. Northstone, L. Howe, K. Tilling, S. Jebb, Identiﬁcation
of a dietary pattern prospectively associated with increased adiposity during
childhood and adolescence, Int. J. Obes. 36 (2012) 1299–1305, http://dx.doi.org/
10.1038/ijo. 2012.127.
[17] B. Caballero, The global epidemic of obesity: an overview, Epidemiol. Rev. 29
(2007) 1–5, http://dx.doi.org/10.1093/epirev/mxm 012.
[18] J. Wardle, A.M. Haase, A. Steptoe, M. Nillapun, K. Jonwutiwes, F. Bellisie, Gender
diﬀerences in food choice: the contribution of health beliefs and dieting, Ann.
Behav. Med. 27 (2004) 107–116, http://dx.doi.org/10.1207/
s15324796abm2702_5.
[19] A.K. Ventura, J.A. Mennella, Innate and learned preferences for sweet taste during
childhood, Curr. Opin. Clin. Nutr. Metabol. Care 14 (2011) 379–384, http://dx.doi.
org/10.1097/MCO.0b013e328346df65.
[20] A. Sclafani, How food preferences are learned: laboratory animal models, Proc.
Nutr. Soc. 54 (1995) 419–427, http://dx.doi.org/10.1079/PNS19950011.
[21] S.L. Johnson, L. McPhee, L.L. Birch, Conditioned preferences: young children prefer
ﬂavors associated with high dietary fat, Physiol. Behav. 50 (1991) 1245–1251,
http://dx.doi.org/10.1016/0031-9384(91)90590-K.
[22] D.L. Kern, L. McPhee, J. Fisher, S. Johnson, L.L. Birch, The postingestive
consequences of fat condition preferences for ﬂavors associated with high dietary
fat, Physiol. Behav. 54 (1993) 71–76, http://dx.doi.org/10.1016/0031-9384(93)
90045-H.
[23] L.L. Birch, L. McPhee, L. Steinberg, S. Sullivan, Conditioned ﬂavor preferences in
young children, Physiol. Behav. 47 (1990) 501–505, http://dx.doi.org/10.1016/
0031-9384(90)90116-L.
[24] F. Baeyens, D. Vansteenwegen, J. De Houwer, G. Crombez, Observational con-
C. Potter et al. Physiology & Behavior xxx (xxxx) xxx–xxx
5
ditioning of food valence in humans, Appetite 27 (1996) 235–250, http://dx.doi.
org/10.1006/appe. 1996.0049.
[25] E.L. Gibson, J. Wardle, Energy density predicts preferences for fruit and vegetables
in 4-year-old children, Appetite 41 (2003) 97–98, http://dx.doi.org/10.1016/
S0195-6663(03)00077-1.
[26] C.M. Vereijken, H. Weenen, M.M. Hetherington, Feeding infants and young
children. From guidelines to practice-conclusions and future directions, Appetite 57
(2011) 839–843, http://dx.doi.org/10.1016/j.appet. 2011.07.009.
[27] R.C. Klesges, R.J. Stein, L.H. Eck, T.R. Isbell, L.M. Klesges, Parental inﬂuence on
food selection in young children and its relationships to childhood obesity, Am. J.
Clin. Nutr. 53 (1991) 859–864.
[28] S.A. Sherman, S. Eisen, T.M. Burwinkle, J.W. Varni, The Peds QL™ present
functioning visual analogue scales: preliminary reliability and validity, Health Qual.
Life Outcomes 4 (2006) 75.
[29] E. Foster, J.N. Matthews, J. Lloyd, L. Marshall, J.C. Mathers, M. Nelson, et al.,
Children's estimates of food portion size: the development and evaluation of three
portion size assessment tools for use with children, Br. J. Nutr. 99 (2008) 175–184,
http://dx.doi.org/10.1017/s000711450779390x.
[30] C. Centers for Disease, National Diabetes. Statistics, 2011, Bethesda, Maryland,
2011.
[31] S. Danielzik, M. Czerwinski-Mast, K. Langnäse, B. Dilba, M. Müller, Parental
overweight, socioeconomic status and high birth weight are the major determinants
of overweight and obesity in 5–7 y-old children: baseline data of the Kiel Obesity
Prevention Study (KOPS), Int. J. Obes. 28 (2004) 1494–1502, http://dx.doi.org/10.
1038/sj.ijo.0802756.
[32] W.S. Agras, L.D. Hammer, F. McNicholas, H.C. Kraemer, Risk factors for childhood
overweight: a prospective study from birth to 9.5 years, J. Pediatr. 145 (2004)
20–25, http://dx.doi.org/10.1016/j.jpeds.2004.03.023.
[33] C. Farrow, J. Blissett, E. Haycraft, Does child weight inﬂuence how mothers report
their feeding practices? Int. J. Pediatr. Obes. 6 (2011) 306–313, http://dx.doi.org/
10.3109/17477166.2011.575160.
[34] A. Lanfer, K. Knof, G. Barba, T. Veidebaum, S. Papoutsou, S. de Henauw, et al.,
Taste preferences in association with dietary habits and weight status in European
children: results from the IDEFICS study, Int. J. Obes. 36 (2012) 27–34, http://dx.
doi.org/10.1038/ijo.2011.164.
[35] J. Wardle, C. Guthrie, S. Sanderson, L. Birch, R. Plomin, Food and activity
preferences in children of lean and obese parents, Int. J. Obes. Relat. Metab. Disord.
25 (2001) 971–977, http://dx.doi.org/10.1038/sj.ijo.0801661.
[36] A. Drewnowski, N. Darmon, The economics of obesity: dietary energy density and
energy cost, Am. J. Clin. Nutr. 82 (2005) 265S–273S.
[37] M. Maillot, N. Darmon, F. Vieux, A. Drewnowski, Low energy density and high
nutritional quality are each associated with higher diet costs in French adults, Am.
J. Clin. Nutr. 86 (2007) 690–696.
[38] A. Drewnowski, Obesity and the food environment: dietary energy density and diet
costs, Am. J. Prev. Med. 27 (2004) 154–162, http://dx.doi.org/10.1016/j.amepre.
2004.06.011.
[39] J.S. Savage, J.O. Fisher, L.L. Birch, Parental inﬂuence on eating behavior:
conception to adolescence, J. Law Med. Eth. 35 (2007) 22–34, http://dx.doi.org/
10.1111/j.1748-720X.2007.00111.x.
[40] P.R. Costanzo, E.Z. Woody, Domain-speciﬁc parenting styles and their impact on
the child's development of particular deviance: the example of obesity proneness, J.
Soc. Clin. Psychol. 3 (1985) 425, http://dx.doi.org/10.1521/jscp.1985.3.4.425.
[41] K.L. Keller, A. Olsen, L. Kuilema, K. Meyermann, C. Belle, Predictors of parental
perceptions and concerns about child weight, Appetite 62 (2013) 96–102, http://
dx.doi.org/10.1016/j.appet.2012.11.016.
[42] M.S. Faith, L. Van Horn, L.J. Appel, L.E. Burke, J.A. Carson, H.A. Franch, et al.,
Evaluating parents and adult caregivers as “agents of change” for treating obese
children: evidence for parent behavior change strategies and research gaps: a
scientiﬁc statement from the American Heart Association, Circulation 125 (2012)
1186–1207, http://dx.doi.org/10.1161/CIR.0b013e31824607ee.
[43] J.M. Brunstrom, A. Jarvstad, R.L. Griggs, C. Potter, N.R. Evans, A.A. Martin, et al.,
Large portions encourage the selection of palatable rather than ﬁlling foods, J. Nutr.
146 (2016) 2117–2123, http://dx.doi.org/10.3945/jn.116.235184.
[44] J.M. Brunstrom, Dietary learning in humans: directions for future research, Physiol.
Behav. 85 (2005) 57–65, http://dx.doi.org/10.1016/j.physbeh.2005.04.004.
C. Potter et al. Physiology & Behavior xxx (xxxx) xxx–xxx
6
